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UX. 

Peptides, and oUgosaccharides and glycosides, can be synthesised by making use of the 'reverse 
hydrolytic activity' of proteases and glycosidases leqwaivdy. In :^lying these enzymes to the 
practical synthesis of these classes of compound, several factors need to be considered, namely the 
need to shift the rate-determining step through the use of activated substrates, the need to minimise 
competing hydrolysis of these and the need to minimise hydrolysis of the products. In spite of 
these prtdjlems, the enzymatic methods have many attractive features, riot least amongst which is 
the absohiie control of stereochemistry in acyl transfer and giycosyl transfer respectively. 

Enzymes Oyases) that normally catalyse the cleavage of carbon-caibon bonds have been found to 
catalyse also their formation by 'abnotmal' pathways. These enzymes arc pyruvate decarboxylase 
(EC 4.1.1.1) and acetolactate decarboxylase (EC 4.1.1 JX A tfiird enzyme, acetolactate synthase 
(EC 4.1.3. 18), that catalyses caibon-carlwn bond formation in the pathway of biosynthesis of the 
branched-chain amino acids, has a limited substrate range but its mode of action .is of interest as it 
is homologous with pyriivate decarboxylase. This observation sheds light on the 'abnormal' 
reaction catalysed by pyruvate decarboxylase. 
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APPLICATIONS OF HYDROLYTIC ENZYMES 



Introduction 

h considering the mechanisms of action of proteases and glycosidases. a simplified 
scheme can be considered that embodies many of the important features of the 
.,ode of action of these classes of enzyme (Fig. 1). Binding of substrate to enzyme 
gives an enzyme-substmte complex ES that is converted into an acyl enzyme 
intermediate E.l by proteases, or into a glycosy^nzyme intermediate by 
glycosidases. This intermediate, in the normal course of enzyme acnon is 



S + E 



H2O 



Nu 



P-N 



Figure 1. Simplified kinedc scheme for the hydrolysis 
of pepddes and glycosides by proteases and glycosidases 
respecdvcly. S = substrate, E = enzyme, E.S = enzyme 
-substrate complex, E.I = enzyme-intermediate complex 
Nu = nucleophiUc acceptor of peptidyl or glycosyl transfer, 
p = hydrolysis product; P-N = transfer product 



intercepted by water to give products of hydrolysis. T^e value of these systems m 
biotransformations stems from the observation thai the intemiediates can be 

intercepted not only by nucleophiHc species N that resemble closely the nomial 
leaving group generated on formadon of the acyl-enzyme or glycosyl-enzyme 
intermediates, but also by nucleophiles which frequently markedly differ from these 
in structure. 

When activated substrates are used, the rate-determining step can switch from 
capture of the intermediate E.I to its fomiation. -mis is die effea observed on 
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changing from peptide substrates of proteases to acyl amino acid esters, or from 
oligosaccharide substrates of glycosidases to nitrophenyl glycosides. In the case of 
glycosidases, this can result in an apparent 'activation' of the enzyme, resulting 
from rapid formadon of the glycosyi-enzyme intermediate followed by rate- 
determining capture by a nucleophile other than water. The principles embodied in 
these kinetic considerations can be applied to pracdcal biocatalysis, as will be seen 
below. 

Glycosidase-catalysed Carbohydrah Synthesis 

The impetuis to develop new methods of carbohydrate syndesis has sprung from 
the recognition, rapidly increasing over recent years, that carbohydrates play a key 
role in nmy important molecular recognition phenomena (Ciba Foundation, 1989; 
Fukuda, 1992). Synthetic methods in carbohydrate chemistry have developed 
enormously in recent years, but constmcnon of a target oligosaccharide is still a 
lengthy and cosdy exercise. Consequendy, any method that offers to increase the 
efficiency of carbohydrate synthesis is of interest The glycosidase approach 
(Nilsson, 1991) has the advantage that no protecdon-deprotection steps are 
involved and there is complete control of the configurarion at the newly generated 
anbmeric centre. Simples glycosides are readily prepared. Some recent examples 
from our laboratory are shown in Scheme 1. pi-Galactosides were obtained using 
P-galactosidase as catalyst and lactose 1 as galactosyl donor. Although yields are 
. low, the simplicity and low cost of the process neverthless make it a useftil method. 
The yields in the examples of Scheme 1 decrease as the solubility of the acceptor 
alcohol decreases, limiting the cohcentradon achievable and consequendy the abiliry 
of the acceptor to compete with water. By contrast, with a water-soluble diol such 
as 1 3-butanediol, much higher yields are obtainable (Scheme 2) (Crout, 
MacManus and Critchley, 1991). Yields are based on donor as the acceptor is 
present in excess. The results described in Scheme 2 are a combination of results 
obtained with the racemate and with the individual enandomei? of 13-butaned[ioL 
This example is one in which a marked "activation " of the enzyme is observed 
(Hg. 2). Thus the increase in rate obse^ed at 0.25 M (/?)-l,3-butanediol is nearly 



D.H.G, CROUTETAL 



HO ^OH OH 



. -OH 
OH OH 

1 



HO ^OH 



OH 

bibcatalyst 20% yield' 



5 yicld^ 



I HO /OH 

OH I 
biocatalyst j2%yidd*> 



HO ^OH 



o 

OH 



biocatalyst ... 14% yield' 



HO, 




biocatalyst 

4% yield" 



*BiocatalysL' P-galactosidasc from Escherichia coli 
**Biocatalyt: ji-galactosidase from Aspergillus oryzoe 

Scheme 1 
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laaose + 




+ OH 



P-galactosidase (£. coli) 
61% yield 




Configuration Relative Configuration Relative 



atC-r yield (%) at C-J >ield (%) 

R 100 /? 100 

5 50 S 99 

Isomer Relative transfer 

(Piimaryrsecondary) 

R 100:20 

S 100:10 . 



Scheme 2 
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(R)-diol hydrolysis 
(Sydiol overall rate 
(S>-dioU hycJiolysis 



Figure 2. 0v«3U »«s of paction and rates of hydrolysis of »-mtropheayl-P-D- 
pUside by the p-galacosidase of in the presence of (i!)- 

and (5)-U3-butanediols. 

nO%of,he»eofsimplehy<irolysisofthedo„or..-ni.ophenyl.^D.^»^^ 
^*e s3,„econdi,ion.-n,e« greater increase in «.e ™ 
(«)<„annon« con=en»don relative to (5>enandon« is n.cdy paralleled by *c 
sdecrive transfer observed to the secondao'hydroxyl group of the ioUn ^ 

^tive scale reacbons nsing .ac«>se as don« (Scheme 2). (S»»se™ ts 
only expressed in «„sfcr to the secondary position). I. «n be not«^ that the 
anedc ^snlts (H^ 2) indicate that a. 0.5 M diol concennauon. W ^ 
«luced ,0 zoo arrf all of the ^ycosyi<nzyme iatennedta.e ts mtercepted. by dtoL 

in glycosidase^ysed glyeosyl transfer, the lack of rcgioselecdvity ot. jed in 
sol cases is a. d.e san« time a drawback and an advantage. The drawback ts Aal 
L pteparadve reactions a p^doc. separanon step is necessary, m advantage ts that 
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wii, »gar acceptors. «nsf« may be possible u. more than o-e site in the acceptor. 
Most "lycosidases used in these reactions are «»-glycosidas« that opemte otJy on 
Ae — Sly^-^^ ^'^ " *' oligosaccharide chai. For tnost of 

these enzymes, little is taown about the conddburion .0 the recogmaon F0=<-« of 
non-tenmnal monosaccharide units. However, it has been found that even «* 
single aglycones. the configuration at the anomeric centre may significantly afiect 




*=NH biocataJyst 



H° 0H + 



HO 




AcNH oMe 



NHAc 



HO 



OH 




OMe 



A : B =1 : 9. OveraU yield (A + B) =91% (based on donor) 
Biocatalyst = p-/^-acetylgalactosaxninidase from Aspergillus onr^e 

Schemes 



reposclcctivity. Thus m experiments with an N-acetylhexosamimdase from 
Aspergillus oryzae, it was found that transfer to C-4 of methyl a- and ^D- 
glucosides was favoured by an a-anomeric configuradon (Croat et al^ 1991). 
Using this information, highly selective transfer to C-4 of methyl a-D-N- 
acetylglucosamine was achieved in the astonishingly high yield of 90% (Scheme 3) 
(Crout et aL, 1992). It is clear that with this enzyn^e there is very strong 
xecognition at the acceptor bir^ding site of hexoses with the glucose configuratxon. 
Given the plethora of glycosidases commercially available, it is clear that the 
glycosidase-catalysed approach to oligosaccharide synthesis has considerable 
DOtcntiaL Investigations to date have barely progressed beyond the tnsacchande 
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stage but M more is abom tb= roognmon sites of these enzjmes. it will be 
possible to ^ply ten in a more raiio,^ and ^ScOivc manner. 

Protease-caalysed Peptide Synlhesis 

Enzymatic peptide synflieris has general feannes in comn.on ,»ith glycosidase- 

^^osyl mmsfer. It has been widely applied to ^ practical synthe^ of 
(^IL, 198* laL-ublte, Kuhl and KonneCe, Kasche. 1989 and 
Lay f..d a particular role in pepddc manttfacmring ptoceSyes where the cost of 
pr^ucdon using convendonal pepdde reagents would be prohibmve. As wrth .be 
glycosidase<atalysed^proach, one of its attractions is the control of 

stereochemisuy: problem of racemisadon ti.at attend conventional f^J' 
largely, if not completely avoided Ind«d. the soict L-sel=cav.ty as &r ^ the a^l 
donori. conc^ned provides an inbuU, disciiminadon mechanisn. should any of 
U,e D-isomer be presen. As wi± the glycosidase system, a problem yn^ enzymat>c 
peptide synthesis is d.at the products are always ftemselves subsffates f or fl« 
™ and can undergo hydrolytic degradation as they are fonned. ms problem 
can be minimised, as when using glycosidases, by using as acyl donors. 
W-protected amino acid esters rather than the less reactive amides. Wifl. enzymes 
such as aihymdaypsin, this results in a shift of tatcHjeiermining step from acyl- 
en^efomution to acyl^e cleavage (Scheme 4). Also, the newly^ 
peptide, bring much less reactive than the acyl donor, undergoes hydrolysis at a 




N =nuclcophilc 



Scheme 4 
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rate which is slow compared with its rate of formation. Even so, hydrolysis may 
occur, but can be minimised by carrying out the reaction in a medium of low water 
activity; in other wc«ds in an or;ganic solvent of controlled water content We have 
studied a system that was suggested by the observation pastoli, Musto and Price, 
1966) that pepdde hydrolysis can be catalysed by a-chymotrypsin suspended in 
nearly anhydrous dichloromethane. We argued that such a system might be used 
for peptide synthesis and this proved to be the case. Reactions were carried out in 
the system dichloromethane/0-25% water, in which the water content is just 
sufficient to saturate the organic solvent Under fhese conditions product hydrolysis 
does not occur and high yields of peptides can be obtained (Ricca and Crout, 
1989). In a brief survey, it is not possible to discuss all aspects of the results 
obtained, but those shown in Table 1 reveal some interesting features. Most 
striking is the observation that amino acid amides are much better nucleophiles than 
amino acid esters. This reflects the experience wi± aqueous systems, although the 
prcfcrwice for amino acid amides rarely has been e3q)licitly noted (Schellenbsrger 
and Jakubke, 1986). 



Table 1. Peptide synthesis catalysed by a-chymotrypsin 


in dichloromethane 


Donor ester 


Nucleophile 


Reaction 


Yield (%) rmie(h) 






product 






Ac-L-TyrOEt 


L-PheNH2 


Ac-L-Tyr-L-PheNH2 


96 


6 


Ac-L-TyrOEt 


L-LeuNH2 


Ac-L-Tyr-L-LeuNH2 


95 


6 


Ac-L-TyrOEt 


L-LeuOMe 




0 


72 


Ac-L-Tyr-OEt 


L-ValNH2 


Ac-L-Tyr-L-ValNH2 


92 


18 


Ac-L-Tyr-OEt 


L-AlaNH2 


Ac-L-Tyr-L-AlaNH2 


84 


18 


Ac-L-Tyr-Oa 


L-MetNH2 


Ac-L-Tyr-L-MetNH2 


86 


12 


Ac-L-TyrOEt 


L-ProNH2 




0 


72 


Ac-L-Tyr-OEt 


L-LysOBu' 


Ac-L-Tyr-L-LysOBu' 


86 


18 


2-L-TyrOEt 


Gly-Gly-OEt 


Z-L-Tyr-Gly-GlyOEl 


88 


18 
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f«r thU obscrvadoiL Thus in Fig. 3. is 

shown Ac mult of cn=r0 nummsanon of 'h"'^^^^ ^ ^ ^ bond 

Lw«n Ac anndc 3™no group and d.e cart>onyI oxygo. a 
in^cuonfi^tpro^scd on .bcbasis of 3 -=7'=^r^^^rnd wh«.fl« 
,982). ™s singly sugg«.s d>a. it is th. 3»no add 

is changM to an group .hat ^ „„^,„n » 

esters coo-partd wid. anuno acid a™d=. In aq eous sy«^.^ 
ctalysis of this hydrogen bond is ofisct by ^'^l^^^ZZl cJ^B 
.0 solvent water. However, in the orgamc ^ ^ By 

lossand d.c full effect of the formadon of the hydrogen bond e 
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conrast, the p^Doning of fl,e mo« hydrophobic «tcr tetw^n solv=„. a.d d>e 
c„zym=-bou»A form will favour Ac di^lv«J staB more Aan in the aqueous 
system n>us differeniUrion betweer, amino acid amides and esters would be 
expected to increase in the organic solvent system. Indeed, the entnes for 
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Reure 4. MolectJar modelling of the oxyanion fom«d from W-ac«yl-L-tyrosinyl- 
L^medtylanide a. tbeacdve site of a<hyn»nypsin. (See Colour Plate 2). 

L-UuNH, and L-UuOMe in Table 1 Aow that the difference becomes almost 
absolute, ^e analysis jus, presented might appear to be contradicted for the tes^t 
for L-lysine i5,>butyl ester (Table 1) which reacted as readily as most anuBo acd 
amides. Heie again, molecular inodelling provided an ocplananon. A 

corresponding oxyanion intermediate, when energy minimised, nsvealed that the 
side^hain could adopt a stainless antiperiplanar eonfomtarion ir. an onentaoon that 
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enuflUnc ..bu<y. which, havins . _s>dc - ^^"^^^^ ^ 
to hydrogen bond, was predicted to show a moch lower t=xnv«y^ 
Toi! ..butyl estcr proved to ^ to^y «nre3<:tive . dts sy«» 
(Scheme 5). 



COzBu' 



H2N 




NH2 



CO2BU' 



^-"^^V^Y^ 72 h 



CO2BU' 




NH2 




Scheme 5 



T,.«e smdics ^.gge^. that there is n.ch to ^ gained i« itnprovinj 
:Lcmciencyofbioc3talydci«cesses^.nco.bW-v^^ 

and molecular nwdeUing approaches. T^'"'' 

Ic,^ of irnpot^t biocatalyric enzynKS are becon^g avanaMc n«te 
possible further progress in this area. 
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appucahons of decarboxylating enzymes . 

Transformations in which caibon-caibon bonds arc produced arc relatively n 

• the biotransf ormation literature. We have studied three enzymes that catalyse 

carbon-caiboni bond fomriation: 

acetolactate decarboxylase (EC 4.1.1.5) 

pyruvate decarboxylase (EC 4.1.1.1) 

acetolactate synthase (EC 4. 1 .3. 1 8). 



Acetolactate decarboxylase (ADC) 




0 

+ CO2 

2 OH 


. Pyruvate decarboxylase (PDQ 




0 PDC 


0 

\ + CO2 

■ H 


Acetolactate synthase (ALS) 




^-^zoi ^ 


0 


Scheme 6 


3 



Hie use of the first two enzymes is unusual in diat their normal function is to 
catalyse carbon-carbon bond cleavage (Scheme 6). However, both catalyse 
reactions in which carbon-carbon bonds are created. Pymvate decarboxylase 
(PDQ catalyses intcrmolecular caibon-carbon bond formation whereas acetolactate 
decarboxylase, as will be shown below, catalyses an "abnormal" intramolecular 
carbon-carbon bond formation. Acetolactate decarboxylase (ADC), in its normal 
mode of action, catalyses the decarboxylation of a-acetolactate (2-hydrDxy-2- 
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A„K,toa. is included, no. ™ u . a 

has raher a naito* subaraic range), tat because ..s mode of acnon sl> 
Z catalyuc mechanism of pyruva. decarboxyhse when i. ope«.s . d« 
ri^edcas opposed u. fl« nonml dcgradadve mode. (S).a-Aeetolac«:^ 3 
^^rie'e) isfkey i„«mediae in valine WosynAesis. Its higher homolo|ue («- 

Lrs^theae precursor of isoleudne. into which it is transformed by en^s 
;L:crwi.hJse,hatcatalyse*eco,.asionofa.acetolacta,eu,.^ 

(Scheme 7) (iarak, Chipman and Schloss. 1988). 









NH3* 


4(R-Et) 


R • Me, valine 
R . Et, isolcucine 

Scheme 7 



Biotransformations with Acaolaame Decarboxylase 
Snadiesoni-emechanismofacetoUctatedecarboxylaseindicatedthatitr^ 

selectively with the (SXnantiomer of a-acetolactate and that 
^^Uolinterm^-urxedatthecarbonatomthaton^a^ 

L carboxyla^ gtoup. with overall inversion a. the ctaral ^^^^^^^ 
Saw«U and Aifin. 1979; Croat « a/, 1984).However. when the "'cylat.on 
Lr^gherhon„.ogue.a:ace«>hydro.ybutyn.cwasexa,nin^ 
fl,e ^00 B>ok place in two kinetically discrete stages. In the uuBal. 
^n. the (S)-enantion«r was converted into (R>3-hyd.oxy.2-pentanone 5. 
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Hov^ever. this reaction was f oUowed by a slower reaction in which the (Ry 
cnaxitiomer was converted into (i^)-2-hydi.xy-3-pcntanone 6. Both ketol products 
were of high optical purity (Scheme ?) (Crout and Rathbone, 1988). 



0 0 


ADC 


0 


+ COg 








Hd^ * — 




OH 




(S)-4 




5 93% ee 




0 0 


ADC ^ 


0 


+ CO2 








^ OH 




OH 






Scheme 9 


6 95% ee 





We had previously observed that a-acctohydroxybutyrate underwent tertiary kctol 
icairangement at pH >12.5 to the isomeric 2-hydroxy-3-oxocaiboxylate 7 
(Scheme 10a) (Crout et aU 1984). This reairangcmcnt was shown to proceed by 
intramolecular carboxylate ion migration using specificaUy l3C-labeUed a- 
acetolactate (Scheme 10b) (Crout and Hedgecock, 1979). It appeared possible that 
acetolactatc decarboxylase was capable of catalysing a similar rcairangemenL 
However a dramatic catalytic effect would clearly be operating since ADC, which 
has an opdmum atpH 6.5 for the "normal" reaction, is also able to catalyse this 
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^- a cinr, the alkali-catalysed reacdon occurs only at pH 
at ,h« pa ' Nevertheless, these observations 

,12.5, a catalytic "^-1°°^^ „ postulated that S-4 

^.gested the inten^ead™ sb-™ » ^^^^^"^ 5. 

^crweatBormaldecarbcylaoonw-hovet^m^ ^ . 

■ „ p J .mdETwent rcanangenieiK wifli eartoxyiaie imsi 
cnanaomer, J!^ uixlerwent reai™ ^ 5on«t absolute 

hydroxy-2-me,hyl-3-oxopen.»»c««. 5-7- ^ 

tr^t:;r:::»ritr.=^^ 

^. prediction therefore was that ^^^'^^^^^^ „ a« test, a 
converted cot^letely into (R)-a=etom 9. In put^ ^ ^ 

hydrolysis of n>ethyl -'^^^^T^^^'^^ 
esters, requires their pteparanon from the coiiespon g 
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AiV'aiinehvdrolyas always pvcs rise to a 
substandal amount of ^te<o =st« cl«va e t ^ 




^U^COzMe OH 
/ OH 



MeCOz 



HO 



PLE 



/ OH 



Scheme 13 




* =s ^^C label 



ADC (slow) 



Scheme 14 



OH 



. ^ .k^nrP«nce of acetolactate decarboxylase. 
When this reaction was earned out in the presence otac ^^ ^^^^ 

(R)-acetoin (9. Scheme 12) of >98% ee was ; 



:^uww« 

; pnxiuced in quantitative yield (Grout 



« • „ „t proposed mechanism (Scheme 12) was 
Rad.bone, 1988). CorfinnaDon ijc-labeUedracemic a- 



and Rathbons, 1990). 

nt 8 to S-8 (Scheme 12) is 
accoin^amed by overall mvcraon ctJy g,ve nse to 



degenerate 



substrate 



An anfi arrangement ^ 
■:;»i,gementbut,wi* overall mention. 

ofScheme 12 would t« displayed by any 

„3logue of s^on« 10, including cases in ■ 



o.ygen.subsdtuen.s>nd«transinonsB<e. 

sna 

degeneracy of *erear«ng=™=n.ot^^^^^^^^^ 



CO2* 



HO' R 
10 

r acetolactate 

^^rangeofABCwas^.-*^--^^^^ 
,^„^«wi,hd,esy«nme^«^J^,^„,^,dircctwasd.efou.- 

°^!Lw(Wadsw«*-E.™"»^> 

15) (Crout and Ralhbone, 1957). 



acetdactate analogues 

dcctron permanganate oJcidaoon or r--. 



KMn04/acetone 
3 AcOH.-10»C.1h 



-0 i 



Scheme 15 



HO' 
70-90% yicl^ 



i 
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20 - '^r. that with catalytic 

„U quandtadvcly into fl« corrcspond^g a a^^= ^ 2.hyan,xy.3- 
Le3...P^»-— ^^^^^ 

hydroxy-2-oxo esters tt) the extern tn , 
at equilibrium. 



R NBS/hv 
R H20£HC02H^ • ^C02H' 




OH 



OH 



Scheme 16 



CO2R' 



OHq 



^o^. were P«P«*-^,!;t^C« for all of *«se s»b»ra«s. both 
Wgb opucal purity (Schc.« l^)- J, to give =»«»»"y;^ 

single cnandomer of the prodoe' 
^ an of the substrate tad toppeaed. 
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OH 
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ADC 



A- 

OH 
70% yield 
>96%cc 




90% yield 
83% ee 
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COz' 
OH 




OH 



a- 



ADC 



ADC 



ADC 



Scheme 17 



o 



OH 



90% yield 
82% ee 



O 

0 



OH 



67% yield 
79% ee 



OH 



a 



90% yield 
83% ee 



An interesting source of the cyclohexane analogue in optically pure form was 
srv^allwl hmmate diol 11 obtained bv dihvdroxvlalion of benzoic add using 



the 
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Alcaligenes eutrophus. This was converted into the a-acetolactatc analogue 12 
which in turn was readily converted by ALS'into (/?)-2-hydroxycyclohexanone 13 
of high optical purity (Scheme 18). The greater reactivity of the analogue compared 
with the overall reactivity of the racemic material (Scheme 17) and its conversion 
into a ketol of higher optical purity suggested that it had the (15, 2/?)-configuration 
shown. This was confirmed by X-ray crystallographic analysis of the amide 
prepared from (/?)-l-phenylethylaniine 14 (Scheme 18, Fig. 5). 



CO2H 




Alcaligenes eutrophus 



JDO2H 

^.^^^-^ i. CH2N2 

ii. H2/Pd-C 

11, [alo -112.4" 





O^C02Me 



OH 

12 ^ Bu2SnO 



NBS/hv 



CO2H 



Bl 



OH 
OH 



a 



Bu 



OH 



14 



Scheme 18 



13 72% yield 
91% ce 
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Figure 5. X-ray crystal structure of the amide 14. 

Biotransformations with Pyruvate Decarboxylase 

Interest in pyruvate decarboxylase stemmed from its possible involvment in a 
reaction (Scheme 19) first reported in 1921 (Neuberg and Hirsch. 1921). 
Benzaldeyde, in fermenting brewer's yeast, was converted into 1-phenyl-l- 
hydroxy-2-propanone (phenyl acetyl carbinol) 15. 







OH 




0 




c 


^j^^H brewer's yeast 








Scheme 19 


15 







TOs transfonnation assum=d econonic inipar»nce when it was iiic«porat=d into a 
process for the pnxluedoo of epheitoe 16 (Geman Patent 1932)- Subsequently a 




24 



D.H.G. CROUTETAL. 




U.ng, to« and Wa«J, 1988). Al*ou 

suggested 3. th. enzyme r^n^blc phcn^^^^^^^ 

dnrt Kakac 1956; Voiitisel: and Nenval, 1982) it was oniy rc / 
^l^^i-McA and Sah., 1988) de— 

shov™ that accunn fbnnarion from pyrwaK and acetaldehyde was auo 

decaxboxylasc (luni. 1961). Juni showed *a< a. ^ . 

Sdchyde concen^cns, py™va« decarboxylation was divened enozely u> 

acetoin production. 

convened mu> acyloins by yeast PDC in the presence of pyiuvaB. 
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rschcme 22) The acyloins wen. shownby circular dichroism uniformly 
(Scheme 2-)- i X Acyloins obtained using whole yeast were 

i?.configuranon (Kren a/m i^^^^^y Acy^oxn:^ u 



yeast pyruvate 
decarboxylase 







65% yield 
99% ee 

OH 




60% yield 
99% ee 



25% yield 
99% ee 



31% yield 
99% ec 






32% yield 
99% ee 
OH 



25% yield 
99% ee 



44% yield (gx.) 
99% cc 
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Shown to have the saxne absolute conf.guranoas. How^^ 
■^o^^^^^A^co^^^^ ^ OV^ P^^^ -grades 
-^i^^^^^^^^i^^^;^ benzaldehyde (rcladv. imt^rates 100.162.136.110 
for benraldehyde. o-, m- andp-fluorobenzaldehydc). 



Optical puntics 
aldehyde by whole yeasL 
OH 

F 



of acyloins produced from the corresponding 

OH 




■^^^ conclosivdy ^ V^^^ 6M>^ <^ 

islwnby .he production of ar^gc of aeyloim also produced by f=m«non| 
^i«,;Jid»ti:yo£,hc«conf.g.ntionscf*ci™d^^=d 

.he isolattd caz,™ and d.e whole ceU sys^ntP— ^^C«^ 

;^5^^^^4;;-i;^in fl,= wholc^^of d,va.o„ of mnch of d.e 
aldehyde .0 Ac con«ponding alcohol teough fl« action of dehydrogena^ 



# 
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1 ^jor ,u«uo„ rcn^iBS. Why sbould p>x«va. d«a*oxyl«c, a ca^Hc 
fSchi. 6). ca<aJy« carbon-caibon bond formation? A clue u provrfcd by fte 
^^.ivcy^Grec ,,89)tha.pyn.a«d=arboxy.ascishon»logous».* 
^Aa« (Scheme 6). Both aie tondn pyrophospha^^=P=nda.t , 
™s in which ^ in«n«dia« 18 (Schc.« 24) is cood=n«d « Acr an 
aldehyde (PDO or wid> pyruvate (MS) to give «spectivdy - °- " 
a-acetolacate. PDCand ALS i«efo.c cleariy belong .0 a famJy of enzym^ 
Lludes pyruvate oxidase (Schloss and Aulahaugh. 1990). T^c abihty of aldehydes 
to trap the intern«iiate 18 (Scheme 24) in PDC^ysed reactions may be 
anritatabieSobindingto avesdgialsite that. in pyruvate oxidase dte qumone 
cofactor necessary for re-oxidation of FAD. Ihe inhibition of AI^ by heAtctde^ rs 
:S:i.obit2gtoasimil«vestigial,uinonebindingsite.bloc^theb.n^^ 

site for the second o-keto acid substnte (Schloss and Aulabaugh. 1990). 
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